The transient effects of passing truck noise on sleep stage shift were examined in fifteen male students aged 19-21 years old for 7 to 11 non-consecutive nights. Shift percentage for proceeding from Stage 2 to shallower stages (Stage 1, waking or movement time) as well as that from Stages 3 to 2, Stage 1, waking or movement time were determined. Change in Stage REM by noise was examined for shift to other stages. The percentage for shallower stages from Stage 2 significantly increased by exposure to 45, 50, 55 and 60 dBA noise compared to the non-exposed control, though this was not observed in Stage REM. The percentage of shift to shallower stages from Stage 3 significandy increased at 50, 55 and 60 dBA noise compared to the control. The minimum effective sound level for the percentage of shift to shallower stages from Stage 2 by the passing truck noise was less than 45 dBA, while that for the percentage of change in Stage REM was greater than 60 dBA and that for the percentage of shift m shallower stages from Stage 3 by the noise was between 45 and 50 dBA. Responses to noise exposure in Stage REM was less sensitive than in Stage 3.
Introduction
Passing truck noise affects sleep by making it shallower or causing awakening, although the type and/or magnitude of noise effects may vary depending on peak or equivalent sound level (Leq), duration and frequency. Loudness and intermittence of noise may cause poorer sleep than low level and continuous noise exposure? ) If traffic volume at night is reduced, the all-night effect of noise on sleep may become negligible, though a levelresponse relationship between peak sound level and transient effects on sleep may continue to be observed.
Peak level of noise is positively related to a transient increase in the amount of delta-wave sleep, but inversely related to the decrease in the amount of delta-wave sleep throughout the night.2) Rapid eye movement decreases transiently due to exposures to noise, although all-night REM may increase. 2~ Another discrepancy between the effect of short period and allnight noise on sleep has also been observed in the number of sleep spindles2
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The increased threshold of awakening by noise means "not being awakened by noise easily" or "not being influenced by stage in spite of sound stimulation and the term "deep sleep" derives from this finding2 Deep sleep corresponds to Stages 3 and 4. However, change in slow wave sleep is limited only to shallower stages, though Stage 2 may take on either shallow or deep directions. This study was conducted to compare percentages of shallow (changed) sleeps in Stages 2, 3, and REM during traffic noise exposure.
The relationship between peak level of passing truck noise and change in proceeding to shallower stages was previously studied2 '~ Only Stages 2 and REM could be investigated, since the sample size was too small to detect change in Stage 3. In the present study, the transient effect of noise on sleep stages were studied in greater detail.
Subjects and Methods
Fifteen healthy male students, 19 or 21 years of age, slept in an experimental room for 12 non-consecutive nights with no consumption of alcoholic beverages or drugs. Bedtime was about 11:00 p.m. and the students were awakened by alarm clock at 7:00 a.m.
EEG electrodes were placed as stipulated by the international 10-20 method. An electroencephalogram (EEG) at C3-A2, an electromyogram (EMG) over the submental muscle, and left and Change in Sleep Stage in Response to Truck Noise right electrooculograms (EOG) were recorded using the telemetry system of Nihon Kohden Company, Ltd. Sleep stages were judged according to the standard atlas of Rechtschaffen and Kales7) by which an epoch was defined as 20 seconds. An epoch was considered Stage 4 when delta waves constituted 50% or more of the epoch. An epoch was Stage 3 when delta waves comprised from 20% to less than 50% of the epoch. Stage 2 epochs were less than 20% delta waves or contained sleep spindles. When alpha waves comprised 50% or more of an epoch, it was considered as "awake". An epoch was Stage REM when rapid eye movements (REMs) was present during low level EMG activity. Other stages were Stage 1. If more than half of an epoch was disturbed and unable to be read, it was considered movement time (MT).
Data from the first night were not used for analysis. 8' 9) The experiment was conducted from May to July and October to December, 1992 December, , 1993 December, , 1994 December, , and 1995 . Road traffic noise was recorded at night in the winter of 1990 and passing truck noise of 20 seconds duration with peak level of 70 dBA served as the master tape. Four peak levels of noise were prepared from the master tape by turning down the volume to 45, 50, 55, and 60 dBA with an integrated amplifier (Model AU-D707X, Sansui Co, Ltd., Tokyo). 6) Passing truck noise showed 54 dB as maximum at 2 KHz by octave band analysis. Noise exposure order was 60, 50, 45, 55, 55, 60, 45 and 50 dBA, with intervals of 15 minutes between exposure levels, so that a single cycle lasted for two hours. 6) The same cycle was repeated all-night long. Complete random exposure thus was not achieved. When subjects could predict the time of peak sound levels during sleep, habituation or adverse effect of noise on sleep may be accelerated and affect the data. It was considered that eight event randomization would not produce the above phenomena. When the subjects slept for exactly eight hours, they had been exposed to thirty-two (8 5(4) noises. The first noise started 15 minutes after going to bed. Loud speakers were placed about 1.5 m away from the feet of a subject. The peak sound level of truck noise was measured at the subject's head. Exposure was continued throughout the night. Background sound in the experimental room was Leq 30 dBA.
The epochs became shallow in Stages 2, 3 and REM and were counted and expressed as percentage. The first epoch after noise exposure was used to darify the level-response relationship. 5' 6) Data recording in some cases was terminated due to mechanical problems but all-night datawere obtained for each subject for seven to eleven nights. The percentage of shift to shallower stages from Stage 2, and from Stage 3 to Stage 2, Stage 1, waking and movement time were calculated. Epoch percentage changes in Stage REM were also determined. Shallow (changed) epoch percentage with no-expost/re for the control were obtained starting from the epoch eight minutes after 45 and 50 dBA exposure of noise for 18 epochs. As shown in Table 1 , the total number of noise events in Stage 2 just before noise exposures ranged from 590 to 643, in Stage 3 from 52 to 78, and in Stage REM from 151 to 222. The control number of events in Stages 2, 3, and REM were 1158, 134, and 344, respectively. These numbers become denominators and numbers of changes to shallower stages for each noise event served as numerators to calculate shaliow (changed) epoch percentages.
"Threshold" in the present study was defined as the minimum peak noise level causing increase in the percentage of change to shallower stages compared with the control with background noise of 30 dBA. The difference between the percentages of shift to shallower stages in noise events and the control were statistically examined by the chi-square test. The Cochran-Armitage test was used to assess the linearity of the dose (night)-response relationship in epochs immediately after noise exposure. SPSS for Windows software (Ver.6.1.3) was mainly used in the analysis. 
